Purification and assay of cell-invasive form of calmodulin-sensitive adenylyl cyclase from Bordetella pertussis.
An invasive form of the CaM-sensitive adenylyl cyclase from Bordetella pertussis can be isolated from bacterial culture supernatants. This isolation is achieved through the use of QAE-Sephadex anion-exchange chromatography. It has been demonstrated that the addition of exogenous Ca2+ to the anion-exchange gradient buffers will affect elution from the column and will thereby affect the isolation of invasive adenylyl cyclase. This is probably due to a Ca2(+)-dependent interaction of the catalytic subunit with another component in the culture supernatant. Two peaks of adenylyl cyclase activity are obtained. The Pk1 adenylyl cyclase preparation is able to cause significant increases in intracellular cAMP levels in animal cells. This increase occurs rapidly and in a dose-dependent manner in both N1E-115 mouse neuroblastoma cells and human erythrocytes. The Pk2 adenylyl cyclase has catalytic activity but is not cell invasive. This material can serve, therefore, as a control to ensure that the cAMP which is measured is, indeed, intracellular. A second control is to add exogenous CaM to the Pk1 adenylyl cyclase preparation. The 45-kDa catalytic subunit-CaM complex is not cell invasive. Although the mechanism for membrane translocation of the adenylyl cyclase is unknown, there is evidence that the adenylyl cyclase enters animal cells by a mechanism distinct from receptor-mediated endocytosis. Calmodulin-sensitive adenylyl cyclase activity can be removed from preparations of the adenylyl cyclase that have been subjected to SDS-polyacrylamide gel electrophoresis. This property of the enzyme has enabled purification of the catalytic subunit to apparent homogeneity. The purified catalytic subunit from culture supernatants has a predicted molecular weight of 45,000. This polypeptide interacts directly with Ca2+ and this interaction may be important for its invasion into animal cells. Finally, the technique for purifying the catalytic subunit by SDS-polyacrylamide gel electrophoresis may prove useful in studying the interaction of the adenylyl cyclase with other components produced by the bacteria, as well as the interaction of the enzyme with eukaryotic target cells.